A new scheme for blank holding force (BHF) is introduced in order to apply more realistic BHF in simulation. The present study has been carried out for deep drawing processes of a washing-trough. Different blankholder gaps and separation forces simulate the blank holding process. The optimum blankholder gap and separation force are determined through a systematic approach. It is found that the wrinkling in the flange region of the blank increases with the augmentation of the blank holder gap. And the BHF increases owing to the elevation of the rigidity of the sheet metal. The simulated thickness with separation force is lower than that with the blankholder gap because the BHF is variable in the flange region. A comparison of the thickness and flange contour between the simulation results and experiment shows that the blankholder gap is better in the simulation of the BHF in sheet metal forming process.
INTRODUCTION
Deep drawing is one of the most widely used metal forming process to produce machine parts. Most deep drawing processes can be characterized by highly nonlinear material behavior, large plastic strains and extensive contact between the blank and the tools. The development of tooling for new shapes can be a both time-consuming and expensive trial and error process. In recent years, the finite element method has been an effective tool to evaluate the sheet metal forming processes. The accuracy and the efficiency of FEA determine whether the simulation results is successful and reliable or not. 1 Much research has been done to analyze the sheet metal forming processes [1] [2] [3] [4] . Parameter optimization based on the finite element analysis has been one of the international research foci in the field. The optimization methods include plastic model (rigid plastic and elasto-plastic), element type (membrane, shell and solid), mathematical optimization (implicit and explicit), hardening models (isotropic, kinematic and combined hardening) and so on [5] [6] [7] [8] [9] . However, Sponsored by National Natural Science Foundation of China (50475125) and Natural Science Foundation of Jiangsu Province (BK2002009) none of these investigations include the simulation ways of blank holding force (applying blankholder gap or applying blank holding force). These are important but often overlooked steps in the development of accurate and stable FE model.
In the current research, the deep drawing process of washing-trough made from stainless steel sheet is investigated. The FE results are validated by the experimental data. Fig.1 shows the diagram of the washing-trough. A finite element model of the tooling and blank was developed as shown in Fig.2 . The surfaces that define the shape of the tools are modeled as rigid bodies. The blank is modeled as a deformable body. Initially, a course mesh was generated with a element mesh density. A four-node isoparametric bilinear shell element (MARC element 139) was used. The materials is STS304BA, the relevant mechanical properties are listed in Table 1 . It was modeled with Von.Mises yield criterion, isotropic hardening and Prandtl-Ruess flow rule. Friction, an important boundary condition in this problem, is using a modified Coulomb friction model. The friction force is defined as follows:
SIMULATION MODEL
where t f is tangential force, µ is the friction coefficient, here is 0.1, The coefficient of friction remains constant during the drawing process. The large displacement, large strain additive, adaptive mesh technology, and updated Lagrange procedure were adopted because of the large deformation. The modified Newton-Raphson iterative procedure is chosen to solve the iteration process and nonlinear equations of motion. Convergence was based on the minimization of the displacement residual. The convergence tolerance used in the study was 1%.
Due to the symmetry of the process, just one half of the trough was taken into account. The nodes on the symmetry line were constrained to move in zdirection.
The blank holding force can be modeled as a separation force between the blank and the die surface or a blank holder gap between the blank holder and the die surface. When the separation force is used, the blankholder is removed, on the contrary, when using the blankholder, the separation force is 0. Different separation forces and blank holder gaps are studied to determine an appropriate one.
Springback is a common phenomenon in sheet metal forming, caused by the elastic redistribution of the internal stresses during unloading. It has been recognized that springback is essential for the design of tools used in the sheet metal forming operations. However, springback has a little effect on the wrinkling and tools force in the sheet forming since it only happens after the removal of the die tools. Accordingly, springback is neglected in the sensitivity study of the effect of the blank holder gap and force, whilst springback is considered when the FE results are validated by the experiments.
RESULTS AND DISCUSSION

Effect Of Blankholder Gap
Different blankholder gaps of 1mm, 2mm, 4mm, and 10mm were examined to determine a reasonable simulation gap. The simulation results for thickness distribution are shown in Fig. 3(a), (b) , (c) and (d), respectively.
As seen in Fig. 3 , the distribution shapes of (a), (b), (c), and (d)are similar to each other. The thickness of the trough is not uniformly, the largest thinning regions are the four corners of the trough, however, the flange regions become thicker. With the increase of the blank holder gap, there is no significant effect on the largest and small thickness of element, but wavy wrinkles turn larger in the flange region.
The effect of the blankholder gap on the blank holding force and punch force is also assessed. As shown in Fig. 4 , the shape of tools forces verse time are seen to be very similar. Time increasing, the forces increase gradually. After reaching a max value, the forces remain steady with a little decrease. From these curves, it is found that the blankholder gap has a large effect on the tools forces. With the increase of the blankholder gap, the max value of the blank holding force increases steeply. This could be caused by the wrinkling in the flange. With the increase of the gap, the wrinkles become severe, and the rigidity of the sheet increases also. According, the wrinkles not only affect the parts' appearance, but cause a large wear of the tools because of the large forces.
From these figures, it is found that the blank holder gap must be coincided with the thickness of the blank. Taking both the thickness and the tools forces into consideration, the blankholder gap of 1mm seems to be a reasonably value to be used in the simulations for the sheet metal forming processes. 
Effect of the separation force
Different separation forces of 0N, 1000N, 2000N,  5000N, 8000N, 10000N and 100000N were examined to determine a reasonable simulation separation force. The simulation results can be subdivided into two groups. One is wrinkling of various degrees taking place with forces lower than 8000N, the other is the sound part with forces higher than 8000N. This agrees well with the blankholder gap of 1mm with a blank holding force of about 7000N. it can be seen that wrinkling of the flange with 0N, whilst no wrinkling with 8000N. The thickness distribution region of Fig.5(a) is similar to the Fig.3  (a) , but the min and max thickness is smaller than that one. This is believed to have been caused by the blank holding force, the blank holding force is a constant of 8000N with the separation force, whilst it is a gradually increasing force with the blankholder gap, this can be seen in Fig. 4. Fig.6 shows the forming loads with various separation forces. The forming loads of 0N separation force have not a steady value due to the wrinkling. Compared with Fig.4(a) , the punch force of Fig.6(a) is nearly equal. So the simulation ways of blank holding force have no effect on the punch force. 
Experimental validation
The validity of the optimum blankholder gap: 1mm and separation force: 8000N was examined by the experiment. The curves of thickness versus arc length of section A and section B of the washing-trough (As shown in Fig.1 ) for different simulation methods of blank holding force are given in Fig. 7 . From Fig.7 we can find that thickness of the blank decreases gradually with the development of the arc length. After reaching a min value, it increases sharply with section A, whilst increases slowly with section B. FEM simulations results and experimental data are in excellent agreement. The corresponding flange contours of the deformed shapes with respect to both schemes for blank holder gap of 1mm and separation force of 8000N are shown in Fig. 8 FE simulation of the both ways of blank holding force show no significant effect on the flange contour and agree well with the experiment. Taking blank holder gap is better because it is much closer to the experimental data.
CONCLUSIONS
(1) A new scheme for the blank holding force is introduced in order to apply more realistic blank holding forces in simulation.
(2) The wrinkling in the flange region of the blank take place with the increase of the blank holder gap. And the BHF increases owing to the increase of the rigidity of the sheet metal. An optimum blankholder gap, such as 1mm, is recommended.
(3) There are two cases for the separation forces, one is the sound parts, the other is wrinkling. The simulated thickness with separation force is lower than that with the blankholder gap because the blank holding force is variable with blank holder gap.
(4) A comparison of the thickness and flange contour between the simulation results and experiment shows that the blankholder gap is better in the simulation of the blank holding force in sheet metal forming process.
